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@ Polymer composition contalning polycarbonate, a styrenic/maleimide/cyclic anhydride terpolymer and a terpolymer

grafted to a polymer matrix.

@ A polymer composition which contains a polycarbonate
resin, a styrenic/maleimide/cyclic anhydride terpolymer,
and an ethylene/propylene/nonconjugated diene ter-
polymer chemically grafted with either styrene/acrylonitrile
copolymer, methylmethacrylate/N-phenylmaleimide co-
polymer or polymethylmethacrylate is disclosed. The com-
position exhibits excellent impact strength properties upon
molding.
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POLYMER COMPUSITIUN CUNTAINING POLYCARBONATE, A
STYRENIC/MALEIMIDE/CYCLIC ANHYDRIDE TERPOLYMER AND A
TERPOLYMER GRAKFTED TO A POLYMER MATRIX

This invention relates to'polymer compositions
and, more specitically, to polymer compositions which exhibit
excellent impact strength.

U.s. rpat. 4,493;920 teaches that the impact
strength of polymer'compositions of polycarbdnate resins
and styrene/N-phenylmaleimide/maleic anhydride ferpolymers

can be enhanced by chemically grafting the terpolymers to

'conjugated diene homopélymer rubbers or conjugated diene/

styrenic copolymer rubbers.

The present invention provides polymer composi-
tions which also contain polycarbonate :es;ns and sﬁyrenic/
maleimide/cyclic anhydride terpolymers but which achieve
excellent impact strenyth through the incorporation there-
into of an ethylene-propylene-diene terpolymer chemicélly
grafted with one of three polymer.matrices vhich has been
discovered to be fherﬁodynémically miscible with either
the polycarbonate reéin, or the terpolymer or botﬁ. Accord-
ingly, the polymer canpositions of this invention attain

excellent impact strength through a miscibility interaction

of the polymer matrices. At eguivalent levels of rubher,

the polymer compositions of this invention exhibit enhanced
impact strength upon molding as compared to the compoéitions
of prior art which achieve their impact strength through
rubber-polymer grafting.

Accordiﬁg to this invention there is provided
a polymer composition comprising: (A) from about 1 to about

Y
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99 weight percent of a thermoplastic, polycarbonate resin

based on bis-(hydroxyaryl)alkanes, (B) from about 99 to’

_ about 1 weight percent of a random terpolymer containing

from about 70 to about 90 weight percent recurring units
of a monovinyl aromatic mbnomer, from about 2 to about 24
weight percent recurring units of a maleimide monomer and
£rom about 2 to about 24 welght percent recurring units of
an X, g ethylenically unsaturated cyclic anhydride
monomer; and, (C) f*qn about 1 to about 20 parts per 100
parts by weight of (A) + (B) of from about 20 to about 80
weight perCent of an ethylene/propylene/nonconjugated
diene te*polyme* grafted with from about 20 to about 80
weight percent ot a polymer which is the'modynamlcally
miscible with at least one of (A) and (B) selected from
the group consisting of styrene/acrylonitrile copolymer,

methyl methac*ylate/N-phenylmale1m1de c0polymer and poly-

’methylnethac*ylate.

Also, according to this invention there is'p:ovided

a method for producing a molded cgmposition which comprises
forming a polymer cdnposition comprising: (A) from about 1
to about 99 weight pe;éent of a thermoplastic polycarbonate
resin based on bis-(hydroxyaryl)alkanes, (B) from about
99 to about 1 weight percent of a random terpolymer contain-
ing from about 70 to about 90 weight percent recurring units
of a monovinyl aromatic monomer, from about 2 to about 24
weight percent recurring units of a méleimide monomer and
rom about 2 to about 24 weight percent recurring units of
an &, 3 ethylenically d;saturated éyclic anhydride .

mbnomer; and, (C) from about 1 to-about 20 parts per 100

parts by weight of (A) + (B) of from about 20 to about 80
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weight percent oﬁ an—ethylene/propylene/nonconjugéted
diene terpolyﬁer grafted with from about 20 to éﬁout 80
weight percent of a'polymer which is thermodynamically
miscible with at least one of (&) and (B) selected from
the group consisting of styrene/acrylonitrile copélymer,
methyl methacryiate/N-phenylmaleimide copolymer ana poly-
methylmethacrylate, and molding the resulting polymer
composiéion. .
According to ghis invention there is provided
a molded composition comprising a continuous phase and a
disperse phase within the continuous phase, the continuous
phase comprising from about 1 to about 99 weight percent of
a thermoplastic polycarbonate resin based on bis—(hydroxyéryl)
alkanes and from abqut 99 to about 1 weight percent of a
random . terpolymer containing from about 70 to about 90 weight
percent recurring unis of a monovinyl aromatic monomer,
from about 2 to about 24 weight percent recurring units of
a maleimide monomer and from about 2 to about 24 weight
percent recurring units c'af‘an ;,L,ﬁ-— ethylenically un-
saturated cyclic anhydride, the disperse phase being an
ethylene/propylene/non—conjugated diene terpolymer grafted
with from about 20 to about 80 weight percent of a polymer
which is thermodynamically miscible with at least one of
said polycarbonate resin and said random terpolymer and
which is part of the continuous.phase, selected from the
group consisting of styrene/acrylonitrile copolymér,
methylmethacrylate/N-phenylmaleimide copolymer and poly-
methylmethacrylate.
According to this invention there is also provided

a method of improving the impact strength properties of a
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polymer composition upon mélding which compr ises incérporat-.
ing into a continuous phase which comprises from aSout 1l to
about 99 weight percent of a thérmoﬁlastic polycarbonate
resin based on bis(hydroxyaryl)alkanes and from about 99
to about 1 weight percent of a random terpolymer containing
from about 70 to about 90 weight percent recurring units of
a monovinyl aromatic monomer, from about 2 to about 24 weight
percent recurring units of a maleimide monomer and from

about 2 to about 24 weight percent of an ,{,Fg-ethylenically

unsaturated cyclic anhydride, a disperse phase comprising

an ethylene/propylené/non—conjugated diene terpolymer

grafted with from about 20 to about 80 weight percent of a
polymer which is thermodynamically miscible with at leasp
one of said.polycarbonate resin and séid random terpolymer
and which is part of the continuous phase, selected from
the group consisting of styrene/acrylonitrile copolymer,
methylmethacrylate/N-phenylmaleimide copolymer and poly—.
methylmethacrylate, the ethylene/propylene/non-conjugated
diene terpolymer grafted,ﬁith saidrpolymer being present
in an'amounﬁ witﬁin the range of from about 1 to.about 20
parts per 100 parts py weightrof said polycarponate resin
plus said random terpolymer.

The miscibility of polymers is generally determined
using differential scanning calorimetry (DSC) to measure glass
transition temperature. A thermodynamicallyVmiscible
polymer composition will exhibit a single glass transition
temperature value which typically lies intermediate between
the glass transi;ion temperatures of the individual polymeric
components. Correspondingly, a partially miscible or

immiscible composition will exhibit two or more glass
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-transition temperature values. Accordingly, two or more

polymers are said to be thermodynamically miscible when
the free eneryy of mixing is ﬁegative. And, thermodynamic
miscibility is 5aid to exist when a mixture of two or more
polymers results in a ﬁate:ial exhibiting a single, well
defined glass transition temperature.

Polyéa:bonqtes suitable to préduce the polymer
compositions of this invention are homopolycarbonates based
on bisphenols having the general formula:

R R
HO X — OH
R R
wherein each R separately represents hydrogen, a C; to C4
alkyl group, qh}orine or bromine and wherein X represents
a direct bond él to Cg alkylene.

. " "pPolycarbonates haviny the above general formula
include: 2,2-bis-(4-hydroxyphenyl)-propane; 2,2-b@s(3-chloro-
4—hydroxyphenyl)-propané; and 2,4-bis4(3,5-dimethy}—4-hydroxy-'
phenyl);z-mgthyl butane;' Particularly suitable for use
in the practice of this invention is 2,2-bis—(4-h§droxy-
phenyl)-propane.

The terpdlymers suitable for ﬁse in this invention
are random terpolymers having number average molecular weight
(Mn, as measured by gel permeation chromotography vs. mono-
disperée polystyrene) from about 50,000 to about 300,000,
preferably 150,000 to about.250,000. Terpolymers suitable
for use in this invention can be prepared by free radical

polymerization in solution or in bulk and will comprise

rom about 70 to about 90 weight percent monovinyl aromatic
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monomer, from aboutlé to 24 weight pércéﬁt of haleimide and
from 2 to about 2; wéight percent of an &L r S ethylenically
unsaturated cyclic anhydride. . |

Suitable'mondvinyl.aromatic monomers include
styrene,CX;-mwthylstyrene,”ethylstyrene, isoproéylstyrene,
t-butyl styrene, mono-, di— and tribromostyrenes, mono-,

di- and trichlorostyrenes and their mixtures. Styrene is
the preferred monovinyl aromatic monomer.

Suitable maleimide monomers include maleimide,
N-phenylmaleimide, N-ethylmaleimide, N-(2-chlorophenyl)male-
jmide, N—(3-chloropheny1)maleimide),_N-(4-chlorophenyl)male-
imide,'N—(4-brom0phenyl)maleimide, N-(2,4,6-tfibromophenyl)-
maleimide, N~methylméleimide, N-(4-t-butylphenyl)maleimide
and the like and their mixtures. N-phenylﬁaleimide is the
preferred maleimide.

Suitable‘czszlﬁg ethylenically unsaturated cyclic
anhydrides include,maléic'anhydride, citraconic and itaconic
anhydride. The preterred anhydride is maleic anhydride.

The ethylene/propylene/non-conjugated diene ter-
polymer (EPDM) rubber grafted with a polymer matrix which
is thermodynamicalliimiscible with the random S/N-PMI/MA"
terpolymer and/or polycarbonate will comprise from 20 to’
about 80% ethylene/propylene/non-conjugated diene rubber
and 80% to about 20% of a therﬁodynamically miscible copolymer
matrix. The EPDM graft structufes are p:efefably 40 to 60
percent by weight EPDM and 60 to 40 percent by weight of.

a thermodynamically miscible polymer matrix. The EPDM
rubber should comprise 1 to 15 percent by weight of non-
conjugated diene hydrocarbon and 85 to 99 percent by weight

of a mixture of two mono olefins, ethylene and propylene.
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The preferred ratio of the mono olefins, ethylene and

propylene shghld be 20/80 to 80/20,’;referably between
35/65 to 65/35., Sﬁitable non—conjdgated dienes are 1,4~
pentadiene, l,4-hexédiené, 1,5-hexadiene, 5icyclo[2,2,l]
hepta-2,5-diene, dicyclopentadiéne, tricyclopentadiene
and tetra'cyclopentadiene. Dicyclopentédiene is the most
preferred non-conjugated diene monomer. |

The graft polymer chemically attached to the
EPDM is a polymer which exhibits thermodynamic miscibility
with the random S/N-PMI/MA terpolymer and/or polycarbonate,
Suitable polymers are étyrené/ac:ylonitrile copolymers,
poly(methylmethacrylaﬁe) and methylmethacrylate/N-phenyl-
maleimide éopélymérs. | '

Preferably, if a styrene/acrylonitrile copolymer
is employed it will contain from about 22 to about 35 perceﬁt

by weight of acrylonitrile.

Preferably, if a methylmethacrylate/N-phenylmaleimide

copolymer is employed it will contain from about 10 to about
25 percent by weight N-phenylmaleimide.

The polymer compositions of this inventionrmay -
be prepared using any suipable.method of blending. Pre-
ferably, they are prepared by melt mixing at a temperature
above the softening points of the polymers using any
conventional high shear melt mixing apparatus, including
twin screw extruders, single sc:ewrextruders and the like.
The extrudate can be chopped into pellets and molded
using any conventional method of molding including in-
jection molding, roto-molding and the like.

The moldable compositions of this invention can

also include other ingredients such as extenders,
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-proce551ng alds, pigments, mold *elease agents, and the.

11ke, for their conventxonally employed pu*pose. Also,

‘reinforcing fillers in amounts sufflcxent to 1mpo*t re-

forcement can be utilized, such as tltanlum d10x1de,
potassium titanate, and tltanate whiskers, glass flakes
and chopped glass fibers.

The folldwing examples demonstrate the ihvention.

EXAMPLE 1 '

This example demonst;ates the preparation of a
styrene/N-phenglmaleimide/maleic anhydride terpolymer
(hereinafter S/N-PMI/MA) (73/19/8 percent by weight) using
a continuous singie sfirredrtank reactor prccess.

The resulting terpolymer is suitablé for use to
produce polymgr compositioﬁs‘pf this inventioﬁ.

A continuoué stirréd tank reactor polymerization

was conducted using the following parameters:

Styrene Feed: : ' 17.72 1bs/hr

N-PMI/MA(72/28) Feed- 2.75 lbs/hr

Initiatorl: Di(4~ t-butylcyclohexyl)
: " Pberoxy dicarbonate

Initiator Flow Rate?2: . 175 ml/hr

Temperature: . 70°C

Residence Time: 2.85 hr -

Solids Level: 36.2%

1 Percadox® Initiator 16W70, Nou*y Chemical Corp.
2 0.09 wt % initiator solution in styrene

The polymer was recovered as pellets by devolatil-
iéétion extrusion. Test specimens were prepared by injec?
tion molding with a pyromelt temperature of 305°C
The property va;ues obtained are shown in Table I which

follows Example XI.
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_EXA&PLE 2

This examp%ebdémonstrates éhe preparation of a
polycarbonate: S/N—PMI/MA.blend.>

Polycarbonate {(Merlon M-50, Mobay Corp.) [550
grams]'was melt compounded with S/N-PMI/MA terpolymer
(Example 1, 450 grams) at 270°C in a single screw extruder.
Test specimens were prepared from the pellets by injection
molding with a pyromelt temperature of 295°C. The property
values obtained are shown in Table I. .

EXAMPLE 3

This example demonstrates the thermodynamic
misé;bilipy pafameters of (;) polycarbonaté (Mobay's Merlon
M-50), 2,2-bis-(4—hydfoxyphényl)-propane) with styrene/-
acrylonitrile copolymer (SAN), methylmethacrylate/N-phenyl-
maleimide copolymer (MMA/N-PMI) and polymethylmethacrylate
(PMMA); and, (2) the'S/N—PMI/MA ﬁerpolymer produced using
the procedure of Example 1 with SAN, MMA/N-PMI and PMMA.

A 50:50 mixture of each polymer pair.(lo grams
total) was separately dissolved in tetrahydrofuran (200
grams) followed by précipitation into methanol. Each
polymexr powder was separately dried and analyzed by differ—
ential scanning calorimetry. The data below illustrate
that a single glaés transition temperature intermediate to
the glass transition temperatures of the blend cbmponents‘
was observed for four of the six pairs, indicating thermo-

dynamic miscibility.
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Polycarbonate S/N-PMI/MA . .
(Tg=154°C) (Tg=166°C)
san(rg=109°cj“, o 113,1;4”_ ) 136.5
PMMA(Tg=107°C) 107,154 136
MMA/N-PMI(Tg=142°C) " 147 : 150.5

From the above data, it is evideﬁt that SAN,
PMMA and MMA/N-PMI are thermodynamically miscible with the
S/N~-PMI/MA terpolymer (Example 1), that PMMA and SAN are
immiscible with polycarbonate, and that MMA/N-PMI is thermo-
dynamically miscible with polycarbonate, :

" EXAMPLE 4

This Example.sgrves to demonstrate the preparation
of an EPDM terpolymer grafted with poly(methylmethacrylate).

Ai4-liter,resin kettle was charged with 400 grams
of an ethylene/propylene/dicyclopentadiene terpolymer and
2700 grams of chlorobenzene by heating.to 70°C. The resin
kettle was charged with-iéorgrams of a 40% anhydrous t-butyl
hydroPeroxide/toluené solution, 20 grams of a 6% cobalt
solution'as_cobaltous napthenate in mineral spirits and
i.? grams of cobaltous acethylacetonate dissolved in
22 milliliters of tetrahydrofuran. The reaction mixturg
was maintained at-70-72°C for eight hours. The EPDM

rubber solution was precipitated into a threefold excess

" of methanol using a high-speed Waring blender for agitation.

The EPDM terpolymer was dried in vacuo at 25°C,'dissolved
in toluene and precipitated inté methanol a second time.
The peroxidized terpolymer rubber was dried in vacuo at
25°C for 48 hours. The level of active oxygen was 1172
ppm.

L4

Approximately 200 grams of peroxidizgd EPDM were
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dissolved in 350 g:aﬁs of chlorobenzenéﬂén a 3—pin£ é;essuré
reactor. Once all.the rubber was disédlved, 200 g:éﬁsfbg
ﬁgthylmethéciylate ménomerpwefe added to the :éaéto: éﬁd;£.
the tempefature raised to 132°C for‘six hours. The gqlgme;
mass was p:eﬁipitated in a threefold excess of methanol -
using a Waring blender.r'The polymer cruﬁb.oﬁtained waéux
dried under'vaéuum at 190°C.. The total of EPDM—g-PMMA.
recovered was 384,grams (96% conversion). -SOXhle;'ext;aﬁj
tion of 13 grams of the EPDM-g-PMMA with methylethyl ké;oﬁe
for 118 hours revealed 2.7 grams of non-grafted PMﬁA (46.9%)
with peak molecular weight of-209,000. Therlevel of - »
PMMA grafted to the EPDM terpolymer was 53.1%..7The glass”
transition temperature of both the grafted and non-grafted
PMMA was 101.5°C.

EXAMPLE 5

This eiamﬁle serves to demonstrate the preparation
6f an EPDM terpolymer grafted with styrene/acrylo&itrile
copolymer, ‘

Apprpximately 200 grams of peroxidized EPDM (as -
prepared in Example 4) wererdissblved in 400 grams of chloro-
benzene in a 3-pint reactor. Once éll the terpolymer was
dissolved, 200 grams of a styrene monomer:acrylonitrile
monomer mixturg (7§:24 wt%) was charged. The reactor

temperature was raised to 135°C for 6.4 hours. The polymer

- mass was precipitated in a threefold excess of methanol.

The polymer crumb.obtained was dried under vacuum at 100°C.
The total of EPDM-g-SAN recoyered was 365 grams (91% con-
version).. Soxhlet extraction of 15 grams of EPDM-g-SAN
with methyl ethyl ketone for 112 Pours revealed 3.7i grams

of non-grafted SAN (55%) with peak molecular weight of
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169,700 and acryloﬁit:i;e content of 23.6% by weigﬁt. The .
level of SAN grafted to the EPDM terpolymé: was 45%., The
glass transition temperature of both ihe graftéq,and non-
grafted SAN was 107.5°C.

| ' EXAMPLE 6

Thls example serves to demonstrate the preparation
of an EPDM terpolymer grafted with methyl methacrylate/N-
phenylmaleimide copolymer.

Approximately 200 grams of peroiidized EPDM (as
prepared in Example 4) were dissolved in 378 grams of
chlorobenzene iﬁ a 3-pint reéctor. Once all the rubber
had dissolved, 47 grams of N-phenylmalelmlde and 153 grams
of methyl methacrylate»were added and the temperature raiseé
to 140°C for 6.5 hours. The polymer mass was precipitated
into a four-fold excess'of methanol~using a Waring blender
The polymer crumb obtained was dvled under vacuum at ll0°C.

The total EPUM-g—MMA/N -PMI recove*ed was 397 yrams (99.2%

rconver51on)‘ Soxhlet extractlon of 25 grams of the EPDM~g-

MMA/N-PMI with methyl etﬁylfketone for 122 hours revealed )
5.8 grams (47%) of non—érafted MMA/N-PMI with a peak molecular
weight of 188,000. The level of MMA/N-PMI grafted to the
EPDM terpolymer was 53%. The glass t*an51t10n temperatu*e
of both the g*afted and non—g*afted MNA/N PMI was 142.5sC.

The MMA/N-PMI copolymer grafted to the EPDM terpolymer con-

tained 23.5% by weight of N-phenylmaleimide.

EXAMPLE 7
This example demonstrateé the preparation of a
polymer composition of this invention comprising a thermo-
plastic polycarbonaté, a S/N—BMI/MA te:goljmer and an

EPDM~g-PMMA.



10

20

30

sl - 0247257

Approx1mately 550 gvams of Merlon M-50 polyca*bonate,
450 grams oﬁ S/N PMI/MA te*polyme* (Example l) and 100 grams
of EPDM-g-PMMA (Example 4) were physically mixed and extruded
into pellets on a single screw extrader at a temperature of
270°C. Test specimensrwere prepared by injection molding
with a pyromelt temperature of 285°C. The property values.
obtained are shown in Table I below.

EXAMPLE 8

This example demenstrates the preparation of a

polymer compesition of this invention, comprising a thermo-

plastlc polycarbonate, a s/N PMI/MA terpolymer and an

"EPDM~-g-SAN. -

Approximatelyrsso grams of Merlon M-50 polyearbonate,
450 grams of S/N—PMI/MA ﬁerpelyme: (Example i) and 100 grams
of EPDM-g-SAN (Exampie 5) were physically mixed-and extruded
into pellets on-a single screw extrhder at a temperature of
270°C. Test spec1nens were prepared by 1n3ect10n molding
with a pyromelt temperature of 280°C. The Table below sets
forth the values obtalned.

VEXAMPLE 9-

This examble'demonstrates the preparat;on of
a polymer composition of this invention, comprising a
thermoplastlc polyca*bonate, a S/N-PMI/MA terpolymer and
an EPDM- —MMA/N—PMI. 7 o

Approximately 550.grams Merlon M-50 polycarbonate,
450 grams of S/N-PMI/MA terpolymer (Example 1) and 100 grams
of EPDM-g-MMA/N-PMI (Exaﬁple 6) were physically mixed and
extruded into pellets on a single‘screw extruder at a
temperature of 275°C. Test specimens were prepared by

injection molding with a pyromelt temperature of 285°C.
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The property Gaiués obtained are shown in Table 3, below.
EXAMPLE 10 °
7 This example demonstrates the preparation of a

polymer composition according to the teachings of

- U.s. 4,493,920 and is included herein for comparative

purposes. 7 -

A l—gailon reactor was charged 42@192.8 grams
of Stereon® 720 rubber (90% butédiene 10% styréne)
commercially availaﬁ;e from Firestone Synthetic Rubber and
Latex Company'and l,GOQ grams of étyrene'monomer. Once the
rubber had dissolved, dfopﬁise_addition of a solution compris-
ing 827 grams of styrene monomer, l8§ grams of N;phenylmale-
imide, 92.4 graﬁs of maléic anhydride and 1.6 grams of benzoyl
peroxide was started while raising the temperature of the -
reactor to 92°C. Once ali the monomer solution had been
added, the polymerization reaction was terﬁinated at 43.5%
conversion by the addition of 0.4 grams of hjdroquinone.'
The polymér-(957 grams) was recovered by precipitation into
methanol, The glassrtgansition temperature of the polymer
as analyzed by differential scanning calorimetry was 168.5°C.
The terpolymer was analyzed and found to contain 21.8% by
we ight N-PMI and 10.5% by weight maleic anhydride. The
number average molecular weight (Mn) as determined by.

gel permeation chromotography (vs monodispere polystyrene)

was 137,600,

Approximately 550 gyrams of Herlon M-50 polycarbonate,
450 grams of the above rubber modified S/N—PM;/&A terpolymer
and 5 grams of Ethanox® 330 antioxidant (Ethyl Corporation)
were physically mixed and extruded into pellets on a single

screw extruder at a temperature of 270°C. Test specimens



10

20

30

-~ 15 -
were prepared gy injectioﬁ_moldihg wiﬁh a pyromelt'gemperatu:e
of 285°C. Table I beiow sets forth the property.values ‘
obtained. o .

| '~ EXAMPLE 11

This example demonstrates the preparation of a
polYmer composition according to the teachings of U.S.
4,493,920 and is included herein for comparative puréoses.

A ;-gallon reactor was charged with 185.6 grams
of Stereon® 720 rubber commercially available from Fire-
stone Synthetic Rubber and Latex Company and 1,000 grams
of styrene monomer. Once all the rubber had diésolved,
dropwise additioﬁ of a solution comprising 727 grams of

styrene monomer, 169 grams of N-phenylmaleimide, 82.4

grams of maleic anhydride and 1.7 grams of benzoyl peroxide

~was started while raising the temperature of the reactor

to 90°C. Once all the monomer solution had been.added,'
the polymerizatioh reaction was terminated at 43.8% con-
version by the addition of 0.4 grams of hydroquinone.

The polymer (960 grams) was recovered by a pre-
cipitation into metﬁanél. The élass transition temperature’
of the polymer, as analyzed by differentiél scénning calori-
metry, was 170.5°C. The polymer analyzed for 21.8% by
we ight N-phenylmaleimide and 11% by weight maleic anhydride.
fhe number average wolecular weight as determined by gel
perméation chromatography (vs. monodisperse polystyrene)
was 141,000,

Approximately 550 grams of Merlon M-50 poljcarbonafe,
450 grams of ;herabove rubber-modified S/N-PMI/MA terpolymer.
and 5.5 grams of Ethanox® 330 antioxidant were physicaliy

mixed and extruded into pellets on a single screw extruder

™ 0247257
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‘at a temperature of 270°C. - Test §pecimeqs were prépared

by injection moldiné with a pyromelt temperature of 285°C.

Table I below sets forth the property values obtained.
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Examples 1 and 2 are control examples showing
the properties of the S/N-Pﬁi/MA terpolymer (Example 1)
and the polycarbonate:S/N-PHI/MA teépclymer blend (Example
2). A |
Examples 7, 8 and 9 are polymer compositions-of
this invention. Example 7,is a polymer composition of

polycarbonate, a S/N-PMI/MA terpolymer and an EPDM-g-PMMA.

_ Example 8 is a polymer compsition of polycarbonate, a

S/N-PMI/MA terpolymer and an EPDM-g-SAN. Example 9 is
a polymer composition of polycarbonate, a S/N-PMI/MA
terpolymer and an EPDﬁ-g—MMA/N-PMI. 7
Exampies 10 and 11 are comparative exampleé
demonstraﬁing the prior art teachings of U.S. 4;493,920.
The above data clearly show the marked improve-
ment in impact properties obtainéd by the invention.
It will be evident from the foregpiné that
various modifications can be made to this inveﬁtion. Such,
however, are consideréd as being within the scope of the

invention.

o 02472_;‘7_
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_CLAIMS:

1. A polymer composition comprising: kéiif:ém about
1 to about 99 weight percent of;arﬁhermoplastic polycarbonate
resin based on bis-(hydrdxya:yl)alkanes, (B) from about 99
to about 1 weight perceﬂt of a random terpolymer containing
from about 70 to about ‘90 weight percent recurring units
Vof a mondvinyl-aromatic monomer, from about 2 to about 24
weight percent recurring units of a maleimide monomer and
from about 2 to about 24 weight percent recurring units of
an Eﬂ, [3'ethylenically unsaturated cyclic anhydride
monomer ; and,-(C5 from about 1 t§ about 20 parts per 100
pa:ﬁs by weigﬁt of (&) +V(B) of from about 20 to about 80
weight percent of.an ethylené/prbpylene/nbnconjugated
diene terpolymer grafted with from about 20 to about 80
weigb£ percent of a polymer whicﬁ is'thermodynamically
misﬁiblé witﬁ at least one of (A) and (ﬁ) selected from
" the group consisting of styrene/acrylonitrile éopolymer,
methylmethacrylate/N-phenylmaleimide copolymer and pbly—

methylmethacrylate.

2. The polymer composition of claim 1 in which said

polycarbonate has the general formula:

R. R _
R R
wherein each R separately represents hydrogen, a C) to Cy4

alkyl group, chlorine or bromine and'wherein X represents

a direct bond C; to Cg alkylene..
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3. The polymer composiéién of clainm 2 in thchr -
said polycarbonate i§ selected from-ﬁhe gréup éonsisting
of 2,2—bis;(4—hydroxyphenyl)—prépane{72,2-bis(3;chloro—
4-hYdroxyphepyl)-propane; and 2,4—bisf(3,5-dimethyl—4-hydr6xy-

phenyl)-2-methyl butane.

4. The polymer composition ot claim 1, claim 2 or claim
i 3 in which s_aid monovinyl aromatic monomer is selected from
;styrene, = -methylgtyrene, ethylstyrene,
isopropylstyrene,.t-butyl stfrene, mond—, di- and tribromo;

styrenes, and mono-, di- and trichlorostyrenes.

5. The polymer composition of any one of claims 1 to 4

— in which 'sgi‘d maleimidg monomer is st?le.cted from
maleimide, N-phenylma}eimide, N;ethylmaleimide, N-(2~chloro-
phenyl)maleimide, N-(3-chlorophenyl)maleimide), N—(4—chioro—
phenyl)maleimide, N-(4—bromophenyl)maieimide, N-(2,4,é—tri—
b:;mophenyl)maleimide, N-methylmaleimidej and N-(4-t-butyl-

phenyl)maleimide.

6. The polymer composition of any one of claims 1 to 5 in which said
‘xi,llgethylenically unsaturated cyclic anhydride is.
selected from maleic, citraconic ané itaconic anhydrides.

7. The polymer composition of any one of claims 1 to 6

in which said nonconjugated diene is selected from -
- l,4-pentadiene, 1,4-hexadiene, 1,S5-hexadiene,
bicyeclo[2,2,1] hepta-2,5-diene, dicyclopentadiene, tricyclo-

pentadiene and tetra cyclopentadiene.

-
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8. The polymer composition of any one of claims 1 to 7 in which
said polymer which is fhermodynamically miscible is selec;éd'from styrene/
acrylonifrile ébpolymers_contaiﬁing from about 22 to about 35 percent by
weight acrylonitrile and métﬂyl&éthacr&laté/N—phehylmaleimide copolymers
containing from about 10 fb about 25'percent by weight N-phenyl-

maleimide.

9. A method for producing é moldea.compOSition which
compriseé forming a polymer composition comérising: (&)
from about 1 to about 9Y weight percent of a thermoplastié
polycarbonate resin basea on bis-(hydroxy aryl)alkanes,
(B) from about 99 to about 1 weight percent of a random
terpolymer containing from about 70 to about 90 weight
percent reéurring units of a monovinyl aromatic monomer,
from about 2 to about 24 weight percent recurring units of
a maleimide monomer and from about 2 to about 24 weight
percent recurring units of an X, ﬂ? ethylenically unsaturated
cyclic anhydride monomer; and, (C) from about 1 to about
20 parts pe¥ 100 parts by weight.ot (A) + (B) of from
abou; 20 to about 80 weight'percent,of an ethylene/propylene/
noncdnjﬁgated diene terpolymer grafted Qith from about 20
to about 80 weight percent of a polymer which is thermo-
d}namically miscible with at least one of (A) and (B)
selected from the group consiéting of styrene/acrylonitfile
copolymer, meﬁhylmethac;yiate/N—bhenylmaleimide_copolymer
and polyméthylmethacryléte, and molding the resulting

blend, optionally in contact with a reinforcing filler.
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10. A molded composition comprising a continuous
phase and a disperse phase within the continuous phase, the
continuous phase comprising from about 1 to about 99 weight
percent of a theémoplastic polycarbonate resin based oﬂ
bis-(hydroxyaryl) alkanes and from about 99 to about 1
we ight percept of a random terpolymer containing from
about 70 to about 90 weight percent recurring units of a
monovinyl aromatic monomer, from about 2 to about 24 weight
percent recurring units of a maleimide monomer and from
.about 2 to about 24 weight percent.recurring units of an

=<, LB ethylenically unsaturated cyclic anhydride, the
disperse phase being an ethylgne/propylene/nonrconjugated
diene terpoiymer grafted wiﬁhrfrom about 20 to about 80
weight percent of a polymer which is thermodynamically
miscible with at least one of said polycarbonate resin and
said random terpolymer and which is part of the continous
phase selected form the group consisting of styrene/acrylo-
nitrile copolymer, methylmethac*ylate/N-phenylmale1n1de

copolymer and polymethylmethac*ylate.

11. A method ‘of improving the impact strength properties
.bf a polymer composition upon molding which comprises
incorporating into a continous phase which comprises from
about 1 to about 99 weight percent of a themmoplatsic
polycarbonate resin based on bis(hydroxyaryl)alkanes and
from about 99 to about 1 weight percent of a random terpolymer

containing from about 70 to about’ 90 weight percent recurring
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units of a monovinyi aiématic monomer, .trom about 2 to
about.24~weight percent recurring units of a maleimide
moﬁomer and from aboué 2 to agéut 24 weight percent of an

=, R ethylenically unsaturated cyclic anhydride, a
disperse phase comprising an éghyléne}propylene/non-conjugated
diene terpblymer gfafted with from about 20 to about 80
weight percent of a poiymer which is thermodynamically
miscible with at least one of said polycarbonate resin and
random terpolymer and which is part of the continuous
phase selected fromrthe groﬁp consisting of styrene/a;rylo—
ﬁitrile copolymer, methylmethacrylate/N4phenylmaleimidg
copolymer and polymethylﬁethacrylate, the ethylene/prop&lene/
non-conjugated diene terpolymer gratted with said polymer
being present in an amount within the range of from about
1 to about-20 parts pér,lOO parts by weighf of polycarbonate

resin plus random terpolymer.
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